Objective-To identify the characteristics of cardiac involvement in the self-induced starvation phase of anorexia nervosa. Methods-Doppler echocardiographic indices ofleft ventricular geometry, function, and filling were examined in 21 white women (mean (SD) 22 (5) years) with anorexia nervosa according to the DSMIII (Diagnostic and Statistical Manual of Mental Disorders) criteria, 19 women (23 (2) years) of normal weight, and 22 constitutionally thin women (21 (4) years) with body mass index <20. Results-13 patients (62%) had abnormalities of mitral valve motion compared with one normal weight woman and two thin women (p < 0-001) v both control groups). Left ventricular chamber dimension and mass were significantly less in women with anorexia nervosa than in either the women of normal weight or the thin women, even after standardisation for body size or after controlling for blood pressure. There were no substantial changes in left ventricular shape. Midwall shortening as a percentage of the values predicted from end systolic stress was significantly lower in the starving patients than in women of normal weight: when endocardial shortening was used as the index this difference was overestimated. The cardiac index was also significantly reduced in anorexia nervosa because of a low stroke index and heart rate. The total peripheral resistance was significantly higher in starving patients than in both control groups. The left atrial dimension was significantly smaller in anorexia than in the women of normal weight and the thin women, independently of body size. The transmitral flow velocity EIA ratio was significantly higher in anorexia than in both the control groups because of the reduction of peak velocity A. When data from all three groups were pooled the flow velocity EIA ratio was inversely related to left atrial dimension (r = -0 43, p < 0.0001) and cardiac output (r = -0-64, p < 0.0001) 
malities of mitral valve motion compared with one normal weight woman and two thin women (p < 0-001) v both control groups). Left ventricular chamber dimension and mass were significantly less in women with anorexia nervosa than in either the women of normal weight or the thin women, even after standardisation for body size or after controlling for blood pressure. There were no substantial changes in left ventricular shape. Midwall shortening as a percentage of the values predicted from end systolic stress was significantly lower in the starving patients than in women of normal weight: when endocardial shortening was used as the index this difference was overestimated. The cardiac index was also significantly reduced in anorexia nervosa because of a low stroke index and heart rate. The total peripheral resistance was significantly higher in starving patients than in both control groups. The left atrial dimension was significantly smaller in anorexia than in the women of normal weight and the thin women, independently of body size. The transmitral flow velocity EIA ratio was significantly higher in anorexia than in both the control groups because of the reduction of peak velocity A. When data from all three groups were pooled the flow velocity EIA ratio was inversely related to left atrial dimension (r = -0 43, p < 0.0001) and cardiac output (r = -0-64, p < 0.0001) 14 We measured meridional end systolic stress (ESS) on the basis of cuff systolic blood pressure at the end of echocardiographic session according to a validated method'5 and we examined the relation between endocardial and midwall fractional shortening and meridional end systolic stress. We predicted endocardial and midwall fractional shortening (FS) from the individual end systolic stress using regression equations based on a healthy reference population of 142 normotensive adults (endocardial FS = 92-22 -31'64 x log(ESS); midwall FS = 39-98 -1032 x log(ESS).14 The ratio of observed to predicted endocardial or midwall fractional shortening was calculated as an index of left ventricular performance independent of the effect of myocardial afterload.
Stroke volume and cardiac output were measured by pulsed Doppler interrogation of the left ventricular outflow velocity in the long axis apical view and based on the aortic cross sectional area.'6 Total peripheral resistance was calculated as 80 times the ratio of mean blood pressure to cardiac output. Left ventricular inflow velocity was measured in the apical four-chamber view under visual and auditory guidance to obtain the maximum peak velocity of transmitral flow in early diastole. 178 The rapid filling phase peak transmitral flow (velocity E) and the late diastolic filling phase peak transmitral flow (velocity A) were measured and the flow velocity E/A ratio was derived.
BODY SIZE INDEXING
The left ventricular chamber dimension was indexed to the first power of height, whereas left ventricular mass was indexed to height to the 2-7 power, based on results of a recent multicentre study.6 Traditional standardisations for body surface were used for stroke volume and cardiac output, and are also reported for left ventricular mass to facilitate comparison with previous reports.
STATISTICAL ANALYSIS Data were expressed as the mean (1 SD TP, total peripheral. p < 00001); thin women had smaller left ventricular masses than women of normal weight (p < 0005). These differences were confirmed after indexing for height2 7 (table 2) and were slightly reduced after controlling for body weight and height by analysis of covariance (adjusted mean values of left ventricular mass were 107 g and 100 g for women of normal weight and thin women and 92 g for starving patients (p < 0 05 v thin and p < 0 01 v normal weight). In the pooled group left ventricular mass was more closely related to stroke volume (r = 0 70, p < 0 0001) than to systolic blood pressure (r = 0-36, p < 0-005) and was inversely related to flow velocity E/A ratio (r = -0 39, p < 0 002). Left ventricular relative wall thickness was not statistically altered in patients with anorexia nervosa. After controlling for body weight and height by analysis of covariance, however, the mean value of relative wall thickness was significantly higher in starving patients than in either normal-weight or thin controls (p < 0 0001 and p < 0'02, respectively; adjusted mean values were 0 30 and 0 35 for normal-weight and thin women (p < 0'0 1), 0 39 for starving patients).
Because differences in left ventricular mass may depend on difference in blood pressure among groups, left ventricular mass/height27 was also compared after controlling for systolic blood pressure by analysis of covariance. There was no substantial change in the results (adjusted mean values were 33 g/m2 7 for normal-weight, 26 g/m2 7 for thin women (p < 0-002), and 21 g/m2 7 for starving patients (both p < 0 0001).
LEFT VENTRICULAR MECHANICS AND PUMP

FUNCTION
End systolic stress was similar in all the groups. There were no significant differences in endocardial and midwall fractional shortening among groups (table 3) 1-52 (0-25)t The transmitral peak E velocity was similar in patients with anorexia nervosa and in the control groups. In contrast, starving patients had a smaller peak A velocity than normalweight and thin women (comparisons with both control groups p < 0 05, table 4), which increased the E/A flow velocity ratio (comparison with both control groups p < 0 005). In the pooled group the E/A flow velocity ratio was inversely related to left atrial dimension (r = -043, p < 0-0004), left atrial dimension LI index (fig 1, p < 0 (r =-0-44, p < 00003). iled p value, equation of sion/height (partial r = 0-034, p < 0 007), and heart rate (partial r = -056, p < 0000 1). The relation of left ventricular filling pattern to systolic performance was also investigated. The E/A flow velocity ratio was inversely related to indices of left ventricular performance (r = -039, p < 0-002 for endocardial shortening; r =-0-32, p < 0-02 for midwall shortening; r = -038, p < 0 003 for observed/predicted endocardial shortening; r = -0-29, p < 0 03 for observed/predicted midwall shortening). These relations remained significant after we controlled for body weight by partial correlation analysis (all p < 005). The identification of silent left ventricular dysfunction in patients with anorexia nervosa in the starvation phase may help us to devise refeeding programmes to prevent heart failure, a complication that often develops during clinical refeeding.34 35 The haemodynamic pattern that we found in our study suggests that when there is contractile dysfunction an abrupt increase in preload, which often develops during refeeding, might precipitate heart failure. This dysfunction together with the electrolyte abnormalities that occur during refeeding (that is, hypokalaemia and hypophosphatataemia),'5 could lead to sudden death in these patients.
Distinctive cardiac abnormalities were found in starvation caused by anorexia nervosa. There were abnormalities of mitral valve motion without significant mitral regurgitation, reduced left ventricular mass, impaired left ventricular filling, and left ventricular systolic dysfunction. Controlled studies should be performed to show the effect of refeeding on each abnormality and to determine whether any of these abnormalities can be corrected and to evaluate the extent of the recovery.
